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fflrlli- (Hl(C*5V^T«2H 2 OsT-^$^^) . 4rW» 
Tkm^mMWChl 1 , 2-hydrogen shi 

f t CD|SfMti:4 8 . 5 6 k c a 1 /m o 1 X'fo D . J jf=f- 
m^M^m^BTh^ 1, 4-hydrogen s h 

i f t (7)WMl±3 1 . 5 1 k c a 1 /m o 1 Tfo-otz. 
ffm± 1 »fOH 2 0*^^--r.|»«-&i:?&f|3| tT*4 
t)K ®mt*tU£.\&<X 6kcal/molt»U 

[00 5 5] ffl*.t£BI 5 i 3 (C2^ 

C0H 2 Ojb^/ V-fcJlMLT H 2 O.^HHc©*-^ 3 

mm, ft?m\*m&m) ^k&s-*. P athi (4 

5. 32, 33. 13). path2 (45, 58, 3 
3. 64). P ath3 (46. 39, 34. 69) k 
c a 1 /mo 1 X"fo~>fc<, 

[0056] I2LL#»</ 2^C0H 2 oaW^iififc: 
£ V i± . *tl *> if? 4 V- * J^ft L T H 2 O 2 

h 2 o^ra^**^^^^©*^®^^^^ 

^ WliCl, 2-hydrogen shift 
H4kcal/mol WSM^th Z k . tf> 

m i^tz h 2 o ^fwoif fc oraows^ffl*^* 6 d 

-U**%i$£T'£> £ H 2 O^HHC J: ( L U 

MO. HOMO. 2ndHOMO<0y7b) ZkizX 

[0057] — 2ft^H 2 Oim i }-~t&Mzi3\,^ 
f^l, 4-hydrogen shiftj&fl 

commit. H 2 owy-4~?-bLxwm-t&u®-cte. 

LT®*rT-Sia»tCJt^T 2 k c a 1 
/mo iSKUMnl/CVvg,. .lixii. 1, 4-hydr 
o g e n s h i f t W&Wmtt J SK(-Jt<T 
^ ^HBHO^m^tf&SJ&C****, H 2 otf 

1hhit#>X-fah . =3:±5. 1, 4-hydrogen s 
h i f t*gRKKfcfcVvtt>, yj^-ZBl&ir&zt 

[ 0 0 5 8 ] ±3* Lfc 1 fr?<?>ilz Otm¥-t&%i&Xf 



W*>6T, l^C0H 2 O#W^-£««:t^T. «m 

mmmz&^x x^wmx-hh* m±<r>^i±, h 2 o 2 
ft^-izHz o&=?-iMB*t& mztk t h wtsmm&t 

■T^*>. ftffiggi ( YJAVm) Tli. 

[00 59] 34rf^H 2 Oj6*BB--r**&fc:fcJ»'C>*» 
<nWSSlBBlki&!FX- t>ixi>i>K 2#^dh 2 # 
B8^S^(c»3OH 2 0^$-#Jtrrs^-. S30 
H 2 0#^H 2 0 2 3HHCb ifunctionalfc 

i k (i^^smr^ h.mi Rxm 2 ot 2 o# 

^ m3<7)H t Oft^-m&iLlZH 2 0 2 ft?k bifun 
c t i o n a 1 ^m^^ms^-t & Z. k tfT* Z> . ~t 

meiz^-tx dt. h 2 o 2 4H=-<7)— ^t<5dhoo 

«5t^m 1 at^f 2 <0 H 2 O^H 1 *^^ § ^-f 

[0060] — m 1 atw 2 «oh 2 o^wty? 

-SlftT-HjOj^fcffiSf^fflLTV^*^. H 2 0 2 ^ 

m3c7)H 2 ojH L tfm±t,zH 2 o 2 -ft?kmKi¥m~t%>ffi 
mi&m ix-$>& . fofzub, %3 om 2 o^im 1 a 

T>'lp2c0H 2 O^kffl5:^ffl^$'-g»^#^V^ -T^rfc 
miS.O c *20H 2 0^ ; fW^-rix*^|g3 C 7)H 2 0 

[0061] 3^<5DH 2 O^re^--f-^^60PE SCO 

*m*}xnzwbz>. 

[0062] ( 1 ) H 2 04Hf*>«*t=fr 0 Wtmt 2 
frFcOHi Otm^-th^Zit^X §feC8-10kc 
a 1 /m o 1 . 

[0063] (2) H 2 or-f LstftTti . 

h 2 o 2 - h 2 o^e y ^-m^^m^m^mizw 5 mm 

&comt lkcal/moi JilTktt^T/hS \>\ 
[0 064] (3) 3^£7)H 2 O^P^^^T(4. 
©**Cffi*»^>«0 1, 4-hydrogen shift 

mmz 2 8 k c a 1 / m o 1 ssrc*>&3& f . wmmm* 

PtfcLfcl, 4-hydrogen shif tBI 
[0065] -T&^-f?. l^f-OH 2 0 2 {:3^H 2 
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[0066] mz, ±_MLtz®MlZ X *)&Z>tl*Mm 

xmmx*$>&z t ^*tft»t, h 2 oam* 
w i %=f-con 2 o *wti Kmmz^x , % 
-in:* ( JtfUtt* c = 7 8 . 3 <o* ) 

* i£$Stt*RJSi§?£ (SCRFft: Se 1 f-Con 
sistent Reaction F i e 1 dft) J 

[oo67] mmimcoim. *&m<?)*m&&bK 
lt . mm» e=78. 3 *sniR«t*© 

aW5TiB-C*&. i^til H 2 0 2 + nH 2 0 (n = 
0,1) »£JBv^ J8*safc»O*lt<0*^|fc:J:4RJC!K 

[0068] i^36SO*tti. 

M^S 2»MJ| ; £f^ (Reaction F 
ield Model of So 1 vat ion) J 

m^h^tizx'on^tc. ■zh.^^^—Mt 

feLxm^mjmimiicowzmmj-m^-* > h 

m. 4 



%Wr>-ft^-$:fflMir& Onsage rtf^ (Dipo 
le&Sphere Mo d e 1 ) X'foh. i^T'li. 
Jf^2STLO^@a 0 {i:0 . OOlelectrons/ 
bohr 3 iWf«J, Monte-Car 1 ogjSr 
«1>TS», *ftfc»«4H ! tf>ft3iW3r van d e r 
WaalsfgtfcSO. 5^>7'X Na-ASrjDx 

[0069]*^ ilTC^/WOfflEfrtt. 
m?^ffi ( 0 . 0 0 0 4 a u ) ££fl.KSUBU WMmgt 

izffl tx . mw&.z-n'if-txi) is$s±^)v*:-<7)m. 
MtsiLMi ^aai«*t3i®ts sc i pcm 

(Self— Consistent Isodensi 
ty Polarized Continuum Mo 
del) X*foh„ 

[0070] Sfl/\MBHandHLYP/aug 
-c c- P VDZi:LT»£ftfclB*fco^TEI7£# 

[007 1 3 H7I1 H 2 0 2 *^H 2 OO^Ift4I 

8&tMI|9 fc. mUZyjk-f&KmiiZWo H 2 O 2 ^C0» 
jB3&ft£jSL"C*$9. H8(iH 2 0^3&W-§-L^V^ 

mizw 3 h 2 o 2 dB^msBeflteis t . 0 9 14 1 

H 2 O AW-tS SJfcfcfP 3 H 2 O t jiHr<am8g&£tt 

n s a g e r &Ti4tlS¥ffiT*^*;¥@ a 0?)«c£ 
?L, SC I PCM&Ti40. 0 0 04au<?)ftSl^ 

[^4] 



Levels of theory 


activation energy 
CE. f ") 


stabilization energy 
after TS (E^) 


gas = 1 (MP2) 


57.144 


7.454 


gas = 1 


58.179 


12.037 


Onsage r = 78.3 


55.019 


17.092 


SCIPCM = 783 


54.264 


19.805 



H 2 O z + nH 2 0 — H 2 00-nH 2 0 (n=0) ££X4>JKlCx:M^- 
[kcal/moi] 

B HandHLYP/eug-cc^pVDZ U^<;V 



[*5] 
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m 5 



Levels 




activation 


stabilization 


activation 


stabilization 


of 


snfiorntinn 


energy 






energy 


theory 




1,2 H-shift 


after 1 2TS 


1 4 H-shift 

» i . 1 1 91 II F I 


after 1 4TS 






{intra) 




(inter) 


^ E «:14TS r " V ) 






^ E a:1.2TS f0r ) 








gas = 1 


7.628 


49.291 


11.744 


37.863 


0.317 


(MP2) 












gas = 1 


7.031 


51.585 


17.270 


38.714 


4.405 


Onsager 


8.939 


51.933 


15.130 


41.658 


4.855 


= 78.3 












SCIPCM 


5.217 


51.952 


20.326 


37.697 


6.071 


= 78.3 













H 2 0 2 + nH 2 0 — H 2 OOtiH z O (n=1) SltSOSSfcl*.^— 
[kcal/mol] 

BHandHLYP/aug-cc-pVDZ U^^U 



g e ome t r yO^-ffctf^ ScffMB* (3K«rf*§) <0 
[0 0 7 2] ^fe-f. H 2 OC0M4-t^^>H 2 O 2 C0ge^ 

ee^»RjtEii. oH7^^^^-r^^g&st>'H 2 

=5^-0 it. KftiftM&O n s a g e r*sT' 1 k c a 1 / 
moK SCIPCM^t2kcal/molgIti!p 
ffiTL*V\ #j§HM:<7)Mu 1 1 i kentffi«I 
f±. Mm-^O n s a g e ri^SC I C P M^JHIlCig 

tar— 

[0073] zotebb, zmmfsmsmwf-*:—* > v 

f*t~ . »K5R*» ^ PES (i{ J{J'|B| t-cfc & 

tK W&Vmfrt>£sm (H 2 oo) coPEStefrft*) 
m**). 33£flix*rt^F- (atl^fUfi»RJE^)»ffi) 
li«)5-8kca l/mo 1 *MJrjL/rv*&. SfflfcSC 
RF&rtcDMu 1 1 i ke nWM<V$Zfci>. 

[0 0 74] »j»EKlSfc:±-oTH 2 00 ct>3? 
frV&ifib* 50kc a l/mo 1 fcttiiJRfrftKOK 

jm&imTW'bz^zbfrh. h 2 o 2 #M^TT-c7)e 
**aass*ifcH 2 o < i«> m¥<o^commm^M. 



X?t-h« 

[00763 *f, H 2 OtH 1 O 2 t<0«»flBSK:tJ^ 
Ttt. SMBR«?Ct±H 2 Oj&S:rti V ><K-¥-/S^b i 
functional WtCH 2 0 2 fc^flUfl-r&ffiji** 

7n h ^s^cftcfc uh 2 o 2 ^ a mmz t 

a. 

[0077] «5fcRfcrP*:-.X > h j&tH 

2 O 2 J;')^2*iJg^^ : &H 2 Oc0^\ "e=78. 

fi**f£i&®g-C «H 2 0 2 COOWLT i; H 2 OWHSfi; 

LTH 2 O 2 ^A,c0Hg|ftfc{i:*S&{ctt< &<0tfx H 2 0 2 

[0078] ZCOtiib^ ftTft/ttfflXm&WW^ 

**L± K> i> H 2 o$ffl**fc J: &l?tSffiT ( 4 ~ 5 k c 
a l/mo 1 ) cr>jT&J±mmz±%^ ( SS#j£"CO 5 
kcal/mol tijJOl^yvyB^Tti 500 OfgcO^ 

[0079] JJLh«t 0 . H 2 O 2 4^pfc«SRH I O^F<0 

T-£0#mTii:^ < . tf LZfmKmmX'W h Mz Lfc ± 
■5 tH 2 O<0tS»lW=5rRJbSfc:«fc O^THSStiS Z t 
Z^kmLX^h* 

[0080] mmz. *kmhcnmimx'foh h 2 o on 
mi*PEs±.xftmti i mi>^<%:z>fztf>, wjmm<n 
mm-±* ^zt . j; *) mm:K'fcm%>x' 

^-mmmm^z^it^^-iim^th h &± 

[0081] — O n s a g e r^T1MfL^-e^ 
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■CiiSrV H 2 O 0«<a#flSttRfMJ*fc:«fc 0 MM LX 
h 2 offlKofl-tttttt L^Mffi^J; 0 fc/fvSJ < * 
H t OOf5Rft;tt5est:RIUT*fcaaL.fc 

54. Rffffl«<^»jrC** lffOH,04« 

[0082] $WaKJK»<0«^fc«. MMH 2 Oft^m 
*»0. 1, 2, 3£iihrfc-PtlT, ^<0lWfcttfr»iW 
£ OJSTf^M u 1 1 i k e n^if i£- 0 . 5 0 5 2 (0 
4HfH 2 0) , -0. 5394 ( l^F) . -0. 56 

6 2 0. 59 0 2 , -0. 5 98 1 

0. 6 180 (34H^) <?5±3tCiifflllUfc <MP2/a 
ug-cc-pVDZl/^rat) . ^iiv^sc 

CO, R#ffl«^*tte = 78. 3TiiJiia3£FnLT^ 
& k AT «fc ^ . -t . ^*<50 H 2 OflWSWH ( « 

[0 0 83] bZZtf, SmKgS&bLXfflknHtO 

$=Hfi "m&&±teffimx^mmEmvfi:%r&<,z\t. & 

*<fci. 3^H 2 0#^4TteH 2 00<^#fl^ffijt£ 
JtT^S. 1Si!cc7)H 2 0*^^«M?JiW?fflS#ffi$r 

Hjoo^sjGtt (iwutt) zmmx-z&zkiz 
Rie»*fflv^fff 2 <m ij*t'&& . m i ofwaiRja* 
[ o o s 4 ] fc . KmftmMco&miz x o , 

( 1 ) H 2 0 1 aaiMBR*K5R4J«ttP14HPH 2 OM«» 
HC, -£wi£v>i~2kc a 1/mo 1 cOfiHi* 1 ^^ 

( 2 ) Rfl5I ( h 2 oo ) emM&tnfmbKi&mF? 

i«Mu 1 1 i k e nl(5f (ftffliM) Sf£ffl*§cO 

[0085] cixj; o . h 2 o^tsmmm, -t&*> 

(3) HjOj&sjfeHfctTRJCSRKaHrtBWBWEirfc: 
( 4 ) H 2 0 2 fc H 2 OcDffi^W&RJfcfc J: OHJftTSeS 

Zk&ttfr-ofz. 

[0 086] itlti. H 2 0 2 + nH 2 0#fc*Jt*$BWfc: 

isfa. mm) «3rarc*o. *8*0>wa*flH«c»*T' 



[0087] J^LJLW^KttOTfc^fcfWH-* 
fctt, H 2 O 2 4H^c0H 2 0©#x*;l^— ^rtgpx^ 
/l^'-k LT«#LTii^$-£2:V^i:, 
tt4*Off»fn£ffl$ W S -r ^o-b^^t LT 
SSTC* 4 y&fflT^tfOj: a ^SW^ff 3 £ k ttHH 

JSSSTfro ZkmmX'$>&k^Z-Z>. -toffcbOfc. 

mmm^izmLxit. mmKmm^m^xh^m^x 

[ 0 0 8 8 ] _k$6 US 1 4HfOH 2 0 2 k 

2 o t iz x h ^m^m^mmmtmz^^Km^m 
Mmz^^xcommmmi^mz-y^x&.Tizm^h . 

[0089] fSMRm&*mi~ttUtf s H 2 0 2 4ffi*J* 

(=J:£l^^fla^*j6*^&*U>. H 2 0 2 - 
H 2 0:frm**&Mftli£N LT(i. H 2 Ott<F>* V 

±>-hRMf±<7)5imwmz±miz&TL. 3^«oh 2 

[0 09 0] d*ife<0«Mfe&»<3. J§Kft**i:zfckOIR 

«4^r<. mmmiM&m^zti^tis^izm 
mz-£xBimzit&> m^ii. mmzjt^xmmtfsffi 

fommizmife-f&fzibiz^ H 2 obuv-. h 2 o?4-? 
— . H 2 o^yv-. H 2 o 2 r-fv-, sy'H 2 o 2 *y 
v-<75Eft»Sj&«iri&ar 3 G H z UUbcov-f ^ Ep 

[0091] ±atfc*i6fc:j: vm&Ltzmm 
&m^izimtimiz-2\,>xfflm-& . 
[ o o 9 2 ] a i oat/n na, 

^OV^T^BJ-rS. 

[0093] 010 {:*^-J; 3 C ffiMmWtt 

wmzmmzmxnmm {m$s&z) <oh 2 o 2 &vh 



(a 2) 101-168076 (P2001 -0@7 6 



2 otzvj ? um*ffiM-r& . h 2 o 2 atf h 2 oa**^ 

[00 94] Hi lfc^-f idfc. itL^^^X 
* £ . MxKH 2 o 2 1 H 2 Oo^l/MtMl^t&l. 

S iS«l l(«Itl : 3f%&£5 lZ®faf&. m 

mi lcommte&teztLtif^x?^ m>r^mmi,z 
**is*?*-fm<QmM*3u&Lxs i«i i<7)m 
mco^mm 3 5% . * Jt , 36^, 

1 <^Hfc*Wft£:rt- LTff * LT V vfc&W^lfeBj 3 6 
JWkRi«aftv^i4MWSfcfc, ^fclEtt, man. h 

[0095] £LL. *f6fflO*ffi*ae»«H{=affl L*: 

wffmmmfkf&mnj: a &&m* mtmmmmn h 
^ ^ >/ yycr> xo&^v ^y^m^mmmnzmm 

[0096] mz. ±MLt:mffimm&$mt&titi><o 

[ 0 0 9 7 ] 01 2fc£, *^9J(0-SISt^«^«'g»*® 

-5 t . ^mummm 1 - ticg^? ix*:JK*ft##s 2 

[0098] ¥»fls*!iS2£S 1 ti, ku-Hn 
•y^4£T'±tCffij&£ixTl' J?ffi|S3fcD-Ht3 

izmw fixity- b 6*^^5^^x^ v-juffi 
mizmif$>ixx v » & . » 012 (c^-r*ffi®a 

fA(S. D— Ko >y ?S4 tcy- W^:/5 Sr^ LT» 
[0099] ¥#f*#yi^a 1 ii. SK 1 1 t£#fLT. 
%iW.Tfc h . Ma^ 3 (c«5iWWr«yi»» 9 *SKB$ 

tu ^ co«» 9 n tetwmmx'h h mm 1 i&mmt 
h mmn 1 0 tmtf t>trx ^& . z 1 0 cuan 



&m<7)ffi&iz£&m%i icommmsizzixizmmLx 

^i^WttBkZ±tZ-£Z>e>&ffi£t&fi:Mz^ M 

^$tL§*>. m^HS i0 2 , SiC, ^V^«S i NC0 

[0100] rttti. tfeS^ 1 OcDtggffltcM 

1-7^7 Fl 2* s K{t^>tlTV'»§» ic7)v--vy— ^-y 
b'l 2tc«. S«l l<?D«H««tc«ffl^-S|»»<07-n 

[0 1 0 1 ] 01 2{Ct3V»T. S^V— ^.-y F 1 

x«fsi 3^tti-o^»*^Tv^*^ a«ti. 
ix. %mttjmk*k <v^)\sittf¥mfomm 1 1^® 

^LT«LTi,j;^„ S^c. ^ti-^^fX(4. fife 

M*, St^*^coJ:ofc»SijK* i 6 0OT 
co^fx $-#ff 5 d i: *<T'# & . 

[0102] J?Ua;g3g 9 cOJ&ffifciiiftMP 1 53&«»ftfe 
6 . Mitfn— ^ y-^t^-^l/^A?^^ - 
§S9l*IO3fi^b**Sr-i-tf^X<0^JE. *£*tr#X 
^.(i'l 013hPa— lxlO-'hP a OFJtS O^^Jg 

[0 103] ^aM3^i3V>T. 75X-7TyX 

»»9i4«St«fc:«*S*t. 1 0(iTgg«ffii: t 

T, fi?"R{f 1 00kHz~5 00kHz«SJitt«* J 
V -y ^-y^lUS&^^-LTEnJnStll. i 5 izmm^ti^cr, 
t b hiz. ^y-^>y H l 2{4±g|5«fiii: LTM^ff 

15GHz. ft&lftjj 0.3 — 3 kW<?)SM» 5 V 
•y^-V^'tIIiiS?r^-L.TEpjP$ix-l. i d {c«^^ix5„ 
[0 104] «I<0v>f ^n^o^S8S(i. tK^^x^S- 

3*?^9x^jaTt^soKS*rsfiiaaft3&*3 . 4 g 
?*?\;xftth<r>\,zm^&mm&3 . i gh z m± 
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[ 0 1 0 5 ] » JUMk** **tf^«0«tft 
;ktb#¥#f*Ml KOffitTl : 3fc&6J:oKlH3I 

[0106] aihcox o £m&i.ztvfz!mm3 tmm-t 

[0 107] o-Kn-yi?S4(±M?KiJS**tTtJ 

•5 » F*3iHHc«*« 1 1 t , mmvtzmmm 3 
t^ioicisi i zmm-tzwm^m 7tmift> 

fcJ: 0 . 1 7 a. mil ■ «B§ ■ SHE ■ ±T<Dift 

[0 108] o— Fc?>y?S4l*KM±, W-&lzmf$>tL 

b'D-y ?^4 rttiStt^fUt 7-fM2 1 fc«t 

[0 10 9] n-KD-/^M4cOSSPt«. m%U22 
mfi><)V~72 3 *:frLT#»#«2 4 . 0!li.tf*-#>K 

¥S2 4tcJ;D. o-l*uy?g4«, ^E*>feBfS 
cr>M^.&. MiBfISc 10hPa-lxlO- 6 hPa|:* 

[0 110] u-Kn.y?£4<ZtfSiS«5 0fct. Mi. 
(f A 1 -Mg^tor;l/S- ^iv^^i d^JRW 

mu:*?»«s#tTv^. Massi5 0cortffi{i. 

mmtfBf&zti&*\ j&w&s io 2 , sic, m^a 
s i N<ojr3*fle<^«wc«as*i.Tv^. 

[0111] VJ±<?)£olzffi&Zti?zv--Y : Vv7m4 
fcW8rt-S«fHMB7 ttt. y- h^>7'6 £tf-LT51 

[0 112] n-h*n-y^4<7)fIIM{cf£(t£>*u HP! 

s «r«B=5riiK-e * h wmn. 7 otr 6 tix \ » 



mnizx K>m&zix&um^2fttiz£tztf~ixBf&. 
muw±. man a i -Mg^^r^s-'?^ 

<F> X o ^mttm^z £*)Btf&tiX\,*&. warns. 7 co 

ftmz. sis, wesnj^fc»^Kd^a^*»7'yfl?p 

BWMftWBlR5fl436», aiVMiS i 0 2 . SiC, 
JiS i N<Oi55HB«!0*m"C«31$*lTV^. 

[0113] mm^imssmm^Lxts o H p^su 

fcUi^<03HR 1 1 ^JRtt^fg^r^-fe -y h 2 5 ifi^ 
2. *t7h2 5SU t «ft#g2 6ti. Mi. If A 1 -M 

m&&tltiP* i 0 2 . SIC. ^V^iS i N 

xmtii^m&m<7)tiriiiWffijk2tiX^& . 

[0114] ra«is2^«^. witfflBtfflfcti, n 

Mfc^LT. ^vStt^'X. «iBTN,. Arifci^'J 

[0115] wm&2<?>±MM^ IP27 ^^rrs 
mm^n<7'2 summiizi. <o. wm&2ftco7 a >v-? 

2 9{,Z%mZtlX^&. IfflA7P/2 8{±, PlMcDtfX 

, «i. <i'N 2 , a r a ^{±i? y - yxr 

^«*&t-4 t # \,z<W>.mirt>iX& . JRM^ffi 2 tf>T«Hc 
14, #fMP3 0^LT>N';^3 1*^5^ ma' 
;k7"3 1 KIJS0 3 2^(t^TV^. ^^7'3 1 
i4. TO«fs2^SSPM5:fi : -5 k&tc^BBttfetL 

s, «i«rswi*a2 4 mu3 2 izmmztitz t s 
[0116] i<^raAfH»2^>iM^c-pv^iiwrs. 

SiC«*©Ii<0«« 1 1 ^iRIrt t /sjows®» 2 opsa 

n 2% Ari^a^y— >3LT*mAZti. m^M^. 
mzmmtiz. 

[0117] £Lt<7)X o Izffif&ZtLtzgM 1 1 <r>m&is 

x^Mz^xz<mft*wmt&*im.<nmx.i 1 s- 

JWftUfc^r-fey h2 5^F«3gpt^Sft3tJRiW^g2a. 
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[oi i8]-n-pn7 ^14 ftwmmmz. %m^& 

*u mztf^mm^m 9tcj: wi4#x. mar 
n 2 . Ar^a?y- ^xrAWS^JE^tciijarf s 

^4 1 7 j&^Kl L , JK»«2§ 2 -fe 

H2 5J;9MU l£SX9itJU o-Pa7?I4^ 

[0 119]^:, y— W0k/6aWHPU o— Ho 

•y ^14 F*3#fJ9f5g<?5S^gL Mtfcf lX10- 3 hPa\ 

ocr>±t,zwmzti&. 

[0120] 1 7#*D- Ho -y ?^4 p^iffiB 

tfcft. y-HA;K/5J4MPU *&H£3l*«iBf}etf> 

2ft£^LT. £ftcl 1 iztt LTEfrJg^To-fex^'^fif 

[0121] 7°o-feXSr*ITL7t^a^3[*I{i:. J(£& 

THaMfcS&Sttf^ y- HA^y 5 £BflP tT, 
SKI l*«BS#Sl7(=J:"9o-Ho-y^S4p«gfc:» 

[0 12 2] $<S>(C. y— WOl^SfcEHtT. O-H 
O -y ^^4 rt^S§1fcyx, WjcWN 2 » A r tfzli? 
V - >-xr*H»fc»aUfc«L y- HA/uy 6 SrlfHtf 
i»i^#®l 7t=i0aHRl 1«» «CWS»2rt{c« 

f££*Ut#-fc>y H 2 5««Xt37 hi=MS*U&. J31 

zkX\ *-fe7h2 5rt<^toiIl Uz~o\rx;<rM 

[0123] m<o%mti s fei'-t& t „ y- H/sw 
nskkM^ mm®2v>m8i>mit>tix. wmm 

§12(4, SWKr. ^RStttfx. fllitfNj. Artfeli 

[ o i 2 4 ] ymmrr Ltzmtcomn 1 £jk 

[0125] jyjba ± o Ct^ilfl»SS«yX 



[ 0 1 2 6 ] m 1 2 ^^-T^MMJI^X^ATIi. O- 
Ho >y ?S4 fctt 1 -?<o«WIM3 UWgRS;h.TV*5ri> 

2 » a r ttz\±9 v-y^rmmMx-mKLxj-tbim 

t5n-HD7^i4<0E(], Mi.14'1 X 1 0" 3 hPa 

[0127] mz, ^tt^'X, WitfNj . Ar&fc 
14? ll-yxT#B«£*M)E4 0 fciffitagU. 
*%<?)Wtims3[*i'^<?>mX$:m±L. o- Kd 7 ?m 
4k«»M(c5fe*-oT£c0JKIrt^2^MjELT, *M 

ffifci oawJtJta. o- KD7?i4t mm~?& £ k 
[0128] Ma^9^c7)ro-bx^xffi^ 

{4. y^7-A«/K12JlV^ «tt*V^i«8fc<© 

y-zs, > y H 1 2 izith *)vt? o^^ EPJirr-&it*0± 

[0129] *^f^*-^©j!fflt*ffi3(M-*!t 
*(C. x^;P^- 0 . 4 e Vl^omfi^OBBS'ftili^ 

[0130] ifc, «yffit=fflv^s*{iv g^K ( h 2 o ) 

<0^^>-r. (D 2 0. HDO) t^TUK 
fc«<0«aWfSHtt, «i.tf «MWx H l-x CS«-4* 
[0131] tfz, A U Cu s Fe. ^V^<4N i 

h 5 >f a6jwea*4f a aHSHt** 

k * k tr ^xfi(t < . S t> izmotfx i> fflB~t 

T, AJRkfi6co^"x s Wi(4'7>yfbK*^kcOM/6tt* i ' 
Wb^ith <r k *f M-rs %><r)X*%>h . 
[0132] ^iJi.{4\ JBBMb**fc*k £-£tf#Xk;N 
o^r>$#ORJi5't4^xSfc(4^JRk ; ¥l/- H-fb-^ft^ 

^W(-MaM3 tffi^ • MS-TS £ k £ J: 0 . Anyy 
^JB. /Noyv-fk^JK^fh!^. M^fV-h^ 

36*^#«. ^oy>-^-irfeMJjStt^xkL-c{4. mt 

F 2 . C 1 2 . Br 2 . I 2 . C 1 F 3n N 
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F 3 . BF 3 , BC1 3 . B B r 3 , BI 3 . CF 3 C 1 , C 
F 3 B r , RISC F 3 I i$&m?& i 1 &X'% £ . ffl. L . 

^V>Ji$ci»»it^M*>^ C 1 z-ttsrfxcrmmii 
[0133] *5t. c uW<v J: 0 izMM&tom^itmik 

M^mmm* rants z t . ± tziztrntz «r t « x o 
a ; t mz, 

x 0 tzmmmT<7)wm&&+Mzmi< . mm 1 1 
mm^fiHzmn^&^mm^m3&t>imM3 izmm 
L-ztm-t&fiK m^immm3zmfow&commizm 
mi 1 zmmzTt&zttmmzffimt lx. zzx-m 

M3~hc\bfiZ£ *) „ ©ft Sit #*T' 

[0134] .BELfcJ: a fc. mkit*m^<F>7k 
commiz J; 0^t^tK*»* s «*^|B|±cO»^^ J: 9 

<l-5»SI»'av^i:, -f^^>. ^aM3f*IT'<30 

^2tc«. mimmzm^z>i}*cr>mmu&jg.3N 

( K r e ) Th Z> tiK S«J g 1 <0SSH>Se« 

cOT/P 3 1 1 ±T<7)&m*+-fr lzM\ ^tz 

ft, mmm&izm^&tfxk Lxi>mm*i®x*hh*K 
*£#ft»j i 6 0 £XYTfciim\\m*H&xfo 

[0 13 5] 

immmi ar. ^mcommmiz^^xmm-t^ . 
[0136] (^jsfij 1 ) hi 2 ^s^ms^a^xT- 

[0137] pi(ioo) i^v^ymwLi i£ 
c u ,?> h \ m f e z^ttmmzmm lx . ^emm^ 

v^m^mmx-ftmLtitz.?>, 1. 5x1 015 at 

oras/cm ! <0Cui;5Xl 0 15 atoms/cm 2 <JD 
Fe#^m$tl£. 

[0138] ^tfD« 1 1 ^^SM3c7)«a^ 1 0±lZ 

1 : 3T*-l»?I^Xtte 7 j< 7 . / ^^'xi:Sr^: J E 
6. 6 5 h P afSSCSAL 1 5 GH z^^f ^o^ 



f>f^;no #T 1 o im 9MHt Ltz . 
[0139] ^<0f£, 1 1 £ JR 0 iii 
2r$!l5gL.*: 7X10 9 atoras/cm«<0Cu 
t9XlO s at oms/cm2<7)Fe^tB$^§^f 

[0140] (mmm 2)012 iz^tmwm^^ 
j>zm^x, ixnzvk-nrmzx*). ^m^mmi \<r> 

[0141] x'J3>H1 l^y^^-y^^xK 

il^ioifciiL«i Ma^3{CflaK-(bJ<«fc7jc 

i:c7>^;Hb*U : 3TfoZ>W&tf **-£&6 . 6 5hP 
a -CWA L , 1 5 G H z <7)-?-<f ^ n«* EpflD LT ^fiT 

fPX'lfrt> 15 0t-f ^/^ofc. 
[0 142] ^cof*. SRI l*«B1^33&»^JROai 

6 0 0 nrn/m i ntfcnit. 

[0143] ±^ L/SMSStM L/S y'j3 ySfi 

111 £8fflS3|*itf>«aK}l 0±t«gL/cf*. 

^ 3 fciSK-ft**^ tK^M^ S-t/UtA* 1 : 3 fc ^ 

5 G H z «0V-f ? D^^EPJn L^>b^ffiE*lg^ 

XS(4 . 1 ^-f 9 IV 3 #f 5 9)Vft~>tl . 
[0144] ^cof*. £K1 1 *W5ffiUaS*«K^fe 

( c ) miftmmimiiivmiXTiz* x-m^-r^ <r t 
[0145] mmm 3)012 iz^rtmm^m^r- 

J±zm^X. aTltZiF-tfimzJ; *). *lft«l \ <r> 

[0146] £i\ y'j3 1 1 {C^'J X^-I^y^: 

1 1 ^^as3rtcom«^ 1 o±te«aeu:«, 

3t3i^t;**i:*hcO^Jt*U : 3-?*SS*W 
5r^:J±6. 6 5hPatiAt, 1 5 G H z J c? 

[0147] -fcDiL lil 1 J-IX^tliL. 0. 
^*36E1 1 izmm-th 9-)V- UA^tKZ ^mtft 

mmmfc&m&&<Qmimzmmizmim£ztiR^ 
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eott Oty'J *««WSMt^ y n ^^m^&tfe* Vtz 

sggs-r * i t tfmztez tz . 

[0148} (HJ40IJ4 ) 112 

[0149] *-*\ eaajMUR^ifcstfc^un^aHK 

1 l£*PlM3i*j<omg&l OitaWLfc. 9& 

#X£:££E6. 6 5hPatiAU 15GHztfOV-^ 
y*ntfe£Epjn tT 6 0 0°CT" 5 0 0#IH»rttfBg£i6t 

[0 15 0] £K1 l£»t9HJU 

>-UMt«<OWtt*il^fc . BW^ii 1 . 46,1 
#3BM\±4 nm, #BfflSa*JKttl X 1 0»/cm'T 
&9, 5MV/cmEPW«)J-^t5|)i2Xl 0" ! » 
A/cm*, KHBWflBi^P:* tT >mWiTW1Z. Ltzk 
i^>, E'-te>-*, Pb-te^, aagHL^i^/K Stf 

[0151] (.mrnm 5 > hi 2 tc^-r^B^avx^ 

Zftitz. Srfc, iOK7^a'Mi(i, £K1 1 

[0152] t-r. gmntrnzmzLteisva^mi 

1 1 £8S1£3<0»B£ 1 0±te»KL,fc«. *SS£3 
l^lHfrKSk^kO^kltjbU : 3X'hi>M^A'X^ 
££6. 6 5hPatmL, SStl5GHz^ 

[0153] mz, auMb**fc*fc^/Hb6*i : 3 
Thhmsii* t m*? vit*m*jz.k z±&6 . 6 5 

hPat$5tIAL, 1 5GHztfO-v-f ^njg^EPJa 

[0154] wmMsizmmikxmkTiike)^ 

>HW 1 : 3 "C* £££E 6 . 65hPatf 
AU 1 5GHz^V-f^a^EPinitT6 0 0X;T5 

oo#RftSfis£j«Lfc. 

[0155] *JK1 1 £KDffiU JBl£3*ifc 

y'Jn ^kflgcoimt^ia^fc . JBffr*li 1 • 4 6,1 
ikWfte 4nm, #ffl*WfcHf flBi 9X10Vcm^l> 
0, 5MV/cmSUD«N^U-^^Sg(il X 1 0" 1( >A 

/cm*, ^PiB^jgtim^ x tf ^fttn^-eais Lfc k <r 



«fficO«ia^«^«a^ 1 1 LTfl o T t> J; 
[0156] (HSfefll 6 ) HI 2 (C^-T^ffiMJI^X^ 

[0157] affliwtiR* i»*t5t^u 

1 1 $rMfi^3Wo»B^i o±tan&«, mm. 

3 fc3i»ffc** k fi* ( D 2 O ) k (K^JVikff 1 : 3t 
*^IM^^6. 6 5hPatmL, 15GH 
z <^ V 4 oj££ EPJn LT 6 0 0 XTC 5 0 0 £-gHb#M 

[0158] -e<o«, ma lfcrooasu mmztitz 

isV^yMJtmcOWftZm^tz* as grown^l 
ftMKOV^Ta. fi**<?>£ir»Sli 1 X 1 019 a t o 
ms/cms- mUmi 1 . 46, BHfcJlffte4nm, 
W®WMF*lil X 1 0H/cm«t $>0. 5MV/c 
mE|JjjDB#cO'J-i7*jS{i2x 1 O-^A/cm/ Xffi^ 

tr >&mm-emi£ ttzkzz. e • > ? , 
«ianR»ja"pe*->3t. -r^*>, (h 2 o> £ji 

[0 159] LipV&Wh, Jg=-0. 0 1 A/cm 
2 <?3*^A*frT' 10C/cm'iW-NXM/X 

aK4"CW«$itfc. F-NXbyXEPMf?)* 
[0160] (leSft^J 7)012 t:*t«ffllyXf 

[0161] y'Ja y»K 1 1 cO-tj <0±ffifc:ift 
tt^T i A I N;<VTm<V±l,zmj}¥miZ&%%:S rT 

i0 3 ii^»J^L, SrRu0 3 /BaTi 0 3 

/S r Ru 0 3 «^£JliM»^^£®JiScL 

[0162] izmmm3pi 
comma i oiantifc. »i^3tjsiHb 

*«k*k^;PJ:b*U : 3"C*4a^^*^E6. 

6 5hPatmL, 1 5GHzCD-?^?n$r£EpflBL 
T 6 0 0^9 04»tfb«Sl**Lfc. 
[0163] £<0Rft383Tli. X^WQaT'^-T^ 
J; o temMftix^BtiKkliffimzn.^fr'?*:, 

xnmmmx-wfcLtzB aT i o 3 mmmibmcocmg: 
i>o. a i4n mk^^mf^^Ltz. mmwm. 
t±, mmmfcmmm 3 0 n m , 1 v^eepjdt' 6 0 m c 
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y°Vyhi>. &&9&X&&- 1 . 3 3xlO" 6 hPa* 

mmxmzmLfzM^ztb^T £ y/h£ 
[0164] (HMFJ8 ) EI 1 2 tc^-riSM^a^x^ 

>-ig^ffic^b^»fs*tSf (cvd) wmz'tf-ofz. 

i i£*§ss3i*i<o«gs£i o±(cmat/cf^ Mas 

3{CfliK'(b'J<»i:*fcO^J:b/!) i 'l : 3X°fo&M-&#Z. 
J500cm 3 /min, S i F 4 #X£ 5 0 c m 3 /m 
in. Si H,#X?:20cmVin i n cOBfiST^ff 
6. 6 5hPai:3r-g»J;d{Cj£AU ±gP*«Cl 5G 
Hztn. 5 6 MH z CD~? 4 7 U%i$;mi}frt& CDb t 
h IZT^V&IZ 3 5 0kHz COR F/U TXZfflM LX 

4 7 OTre:? •ymasfln^y 3V^bKO^^^f 

[0 1 6 63 *<9«. MU l£Jt»)iBU JgJfcStt*: 
7 «y SaSSnS" U 3 >mimcOWm:m^tz . .T <D7 -yfg 
iSyjni- y 3 v^LMJi. 7 -/ l 2 a t %. 

3 6. it!£**5&*3. 4-efc^ffiff*^7-yS 

^Jn^ y 3 >Wtftmx*h ~>iz. &tz. z\ costs 1 1 £ . 
? y - y*-Artt*«siisff? i iirasts ut a*, 

H 2 O^S i -OH««S!l$ft5rW W«Rigtt(?)ft#^ 

[oi67]4fc, m?xvy&mmTm&Lizxm& 

E'-fey^3xl0- 16 /cm 3 ,iiift7y* 
^^ffi^-VHr^^iiilfJK^^Tl^^fi^l X 1 

^v^i Sris s s i F 4 ij^mcryy >y fit 

y 'J 3 TE O S (Si (OC 2 
H 5 ) 4 ) ^(D7 7«X (S i F n (OC 2 H 5 ) 4 _ n , 
n=l~3) . 7-y-ft.^^^-XS i F n H 4 . n , (n = 
1-3 ) *£jBVvr&&V). 
[0 168] 

X%h7y*?tf$L$&tihtz#>, m 1 coftTZmtbX 
1<D^XV'SI2cD:5H^LT, ft£(fiiiMbfc&fr?' 

xwm#w$Mt:mm-t&zk* { TZ&. ttb-h, 
^mmco^mx-a , aw^fctiftB lt t, 

flWt*fflV>T«H«Uffl-r S £ j&*»TftT* s . $ £ (C, 



[0169] *ffiHBfc ±4 1 , amnu^ 

[HI] H 2 0 2 ^H 2 O0|;SffltMtl l »i:X 

[02] H 2 0 2 MH 2 OO^TMtl.^H 2 0 

[03] H 2 0 2 *^H 2 OO^MfflT«-r4l^<7)H 2 0 

[04] H 2 0 2 *^H 2 00^lit4Et 41^60 H 2 0 

[05] H 2 0 2 j&»&H 2 00£^T*ly^«>l8<DH 2 0 

[06] H,0,i»6H I 00JS«Bt4jKnBOHj0 
2 ^cO«3t^b&^-T0. 

[07] H t O t frt>H t OO&mffiT&l&t&imbX. 

*)U3r- 1 commz^fy y . 

[08] h 2 oft^-tm*)- l ^rv a H 2 o 2 ^ 
[09 ] i ^hfwHi o^iig-^-r^KiEfcff a h 2 o 2 ^ v 
[010] *mico-mmmfrm&mm>®mm£-*M 
[011] *»w^si*^t«4*i8«yiar&*« 

[01 2] *«*0-Sa»B»{C«4*ii»!HI^'rA 
[^<0SiBH] 

4-n— h'n>y^S ; 5, ; 

l-s« 

12-y+7^7H ; 1 3 

14, 20, 23, 28, 3 1— ; 15, 2 

2, 3 0-SBRP 

16, 2 4-*BR*« ; 17-«BS#S ; 18 

1 9-^M*S ; 2 1, 2 9-7^;^ ; 

2 6--«Sf^l5 ; 2 7, 3 2-BBn ; 3 5-* 

mm 

3 6--«Ml ; 3 7-A--f^;P 



<a 8) )o i 
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E 



I 



H 



60 



40 



20 



-20- 



[01] 



intra inter : H*0 8 -H t 0 

H-shift T5 intra :HzOz fl^rtfcfc^ft 



i — / 



1H 2 0 

/SuO)e ^ 



MP2/ausr-cc-pVDZ 
HgOe + nHeO 




[02] 



H - V - J- 



HaOz 



(intra H-shift) 



[03] 



HzO (HI) 



to 



HsOe 



(inter H-shift) 

A 

3S*tttt 

(intra H-shift) 



(3. 9) )0 1 
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[04] 



Hzo mm 



to 




H 






M 2 o 



H2O (M*) 



Cftft) 



V 

(inter H-shift) ^ 

f. 



(intra H-shift) 



° F (inter H-shift) ^f> W 

I- 



H 2 0a HzO ft* 



(intra H-shift) 
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[H6] 



<i-o 



1 



HeO* 



HtOM 



V 

(inter H-shift) 



(intra H~shift> (intra H-shift) 



dimer-side 



monomer-side 



[07] 



inter s between H2O2 and HzO 
intra : within one HzOz 



BH and HL YP/aus-cc-pVDZ 
HaOz + nHzO (n=0.1) 
SCRF 01=78.3^=298^) 



MP2 



=|3 




H 2 0 



H*0 ft* 



1 > 
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[08] 



SCRF - ONSAGER 
<£=78.3, T=298J5K) 



a 0 s£.86A 

© 

H*Qt 

(JtSfc) 
(With out He) 



2.96A 



2.79A 



(intra H-shift) (ifefitfc) 



SCRF « SCI PCM 
<e=78.3, T=298,15K) 




Hj>0* 

(with out HzO) 



(intra H-shift) 



[09] 



SCRF = ONSAGER 
(e-78,3, T=298.1 5 K ) 



^-^a 0 =2.76A 



(intra H-shift) 




HzOa 

(I monomer Hs>0) 



HaO ftt 



(inter H-shift) 



with 1-HiO 
(£j*#J 



SCRF = SCI PCM 
(c=78.3, T=298.15K) 



H*0 (ft*) 



(intra H-shift) 




H«0« 
(**#) 

HzOz + HzO 
(l monomer HaO) 



(inter H-shift) 



[010] 
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